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1. Input data:

The hyperspectral data used are PRISMA Level 2C data (reflectance data) for the dates of 2020/08/07-2020/10/10-2020/11/14. With a
focusing on the spectral windows of methane absorption (centered at ~1600 nm and 2300-2400 nm). The ancillary data used are: Wind
Information, in particular wind speed and direction, extracted from ERAS5 reanalysis_vb5 (ECMWEF), providing essential context for plume
development in space modelling. Ground Truth Masks: Reference plume annotations, derived from manual extraction from the data
provide formthe work of Nesme N., et al. (2020) are used for supervised training and rigorous validation.

2. Pre-processing:

The hyperspectral data cubes were radiometrically, geometrically corrected and orthorectified before all the analysis. The spectral
signature of methane in terms of absorbance (optical depth, t) it was physically converted to a synthetic reflectance spectrum using the
Beer-Lambert law (Zhipeng P. et al., 2023). This relationship, fundamental in spectroscopy, allows modeling the expected decrease in
reflectance due to gas absorption. Forthe UNEP methane plume dataset, the data were ordered and labeled for MLP modeltraining.

3. Processing:

Hybrid model plume detection pipeline: Spectral Matched Filtering (MF) algorithm is applied pixel-wise, leveraging the a priori CH,
absorption signature converted in reflectance (Kumar S., et al 2023) to generate a probability map of methane presence by maximizing
spectral contrast relative to the background. MLP (Neural Network Segmentation), a Multi-Layer Perceptron (feedforward neural
network) is trained in a supervised mode using ground truth masks archive from (UNEP’s Eye on Methane Data Platform). The input
features include spectral-spatial patches, per-pixel MF scores, pixel coordinates, and local wind vector components (Pei Z., et al., 2023).
This hybrid design enables the network to account for both local spectral variability and contextual plume morphology, reducing false
positive pixels and for better capturing complex plume shapes.

Mask union criteria by blob extraction: the binary masks from MF and MLP are combined (logical OR). The largest connected component
(“blob”) is then selected as the most probable plume, robustly isolating the emission from noise.

Methane plume source and direction estimation: The plume’s source is geometrically estimated as the most “upwind” and narrowest
point of the detected blob, with higher spectral signal due the more concentrated presence of methane, while the principal axis of
elongation (direction) is derived from spatial analysis of plume morphology. Wind vector data is overlaid to interpret plume propagation in
relation to atmospheric transport.
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A) PRISMAL2C scene acquired on 2020/11/14, wind data: 1.20 m/s.

For this scene, the matched filter (MF) captured 80% of the actual plume area, while the MLP alone mapped about 35%. Their combination resulted in
an overall accuracy of ~82% in mapping the true methane plume. Validation with ground truth polygons confirms the advantage of integrating machine
learning, especially in reducing false positives and refining plume boundaries. Wind data overlays support the physical interpretation of plume
transport, in fact the yellow cross represent the source of this plume, and the red and blue arrows represent the result of the interpolation of wind data
that explain the behavior of the plume in the space. Ground truth plume masks (Nesme N. et al.,, 2020) enable robust supervised learning and
validation.
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B) PRISMA L2C scene acquired on 2020/08/07, wind data:4.00 m/s.

For this scene, the matched filter (MF) captured 81% of the actual plume area, while the MLP alone mapped about 43%. Their combinationresultedin
an overallaccuracy of ~90% in mapping the true methane plume. Validation with ground truth polygons confirms the advantage of integrating machine
learning, especially in reducing false positives and refining plume boundaries. Wind data overlays support the physicalinterpretation of plume
transport, in fact the yellow cross represent the source of this plume, and the red and blue arrows represent the result of the interpolation of wind data
that explain the behavior of the plume in the space. Ground truth plume masks (Nesme N. et al., 2020) enable robust supervised learning and
validation.
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C) PRISMAL2C scene acquired on 2020/10/10, wind data: 7.90 m/s

For this scene, the matched filter (MF) captured 74% of the actual plume area, while the MLP alone mapped about 37%. Their combinationresultedin
an overallaccuracy of ~82% in mapping the true methane plume. Validation with ground truth polygons confirms the advantage of integrating machine
learning, especially in reducing false positives and refining plume boundaries. Wind data overlays support the physicalinterpretation of plume
transport, in fact the yellow cross represent the source of this plume, and the red and blue arrows represent the result of the interpolation of wind data
that explain the behavior of the plume in the space. Ground truth plume masks (Nesme N. et al., 2020) enable robust supervised learning and
validation.
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Spectrallibrary output:

As an additional result, the workflow automatically extracts a spectral library of methane plume pixels identified by the matched filter. This spectral
library is a valuable product, serving both as a high-quality dataset for supervised training of advanced machine learning models (e.g., for transfer
learning or active learning) and as a reference for future methane mapping campaigns in different contexts. Automated spectral library generation
accelerates downstream ML development and cross-sensor generalization. In fact, is also meaningful in the validation assessment and comparison
between different hyperspectral sensors with diversity in bandwidths and spectral resolution such as will be CHIME, allowing versatility and merging of
different sensors (e.g., PRISMA, EnMAP, Emit, SBG).
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